In this study, the single Fourier sine integral transform method was used to solve the elastic buckling problem of Kirchhoff rectangular plates simply supported at two opposite edges x = 0, and x = a and clamped at the other two edges y = 0, and y = b. The problem considered was that for uniaxial uniform compressive load in the x coordinate direction. The single finite Fourier sine integral transformation was applied to the governing fourth order partial differential equation of Kirchhoff plates under uniaxial uniform in-plane compressive loads to convert the problem to a fourth order ordinary differential equation in terms of the finite Fourier sine transform space variables. Solution of the ordinary differential equations yielded the buckling modal shape functions in the Fourier sine transform variables. Enforcement of boundary conditions along the y direction at y = 0, and y = b yielded an algebraic eigenvalue eigenvector problem which was solved to obtain non-trivial solutions. The characteristic buckling equation was obtained by requiring the vanishing of the matrix of coefficients as the transcendental equation involving the buckling load. The buckling load was obtained by solving the transcendental equation for various assumed values of the plate aspect ratios. Critical buckling loads for various values of the plate aspect ratio were found to be identical with classical solutions obtained in the technical literature. The present study thus yielded exact solution for the buckling loads and buckling modes of uniaxially compressed Kirchhoff plates; illustrating the effectiveness of the analytical tool.
INTRODUCTION
Navier and Saint Venant presented equations for the elastic buckling analysis of rectangular thin plates. Navier's equations included twisting forces while Saint Venant improved on Navier's equation by further incorporating the axially applied compressive edge forces and shearing forces. The differential equations derived variously by Navier and Saint Venant provided the foundations for the research work on the elastic stability of thin rectangular plates under uniaxial, biaxial and shear buckling. The basic problem of elastic buckling of plates is thus to determine the minimum loads (buckling loads) and the associated shapes (buckling modal shapes) at which the plate would collapse (fail) when subjected to uniaxial, biaxial or shear compressive forces for given edges support conditions [1] [2] [3] . Elastic buckling problems can be solved using classical analytical method or approximate numerical methods. Ibearugbulem and Ezeh [4] used algebraic shape functions derived from a truncation of the infinite Taylor -Maclaurin's series for the particular case of clamped ends of thin beams in the Ritz variational method to solve the elastic buckling problem of uniaxially uniformly compressed rectangular Kirchhoff plates with clamped edges. Ezeh et al [5] used the Galerkin's indirect variational method to solve the elastic buckling problem of rectangular Kirchhoff plates with clamped edges under uniform axial compression in one axis only (uniaxial uniform compression case).
Ibearugbulem et al. [6] presented the elastic buckling analysis of uniaxially compressed simply supported thin rectangular plate using the truncated Taylor -Maclaurin shape function by using the one parameter Ritz variational method. They obtained solutions that approximated exact solutions from the technical literature.
Nwoji et al. [7] presented the elastic buckling analysis of simply supported thin plates using the double finite Fourier sine integral transform method. They considered two cases of uniaxial uniform compressive loading and biaxial compressive loading; and obtained solutions that agreed with the solutions from literature.
Timoshenko [8] solved the elastic buckling problems of thin rectangular plates under uniaxial uniform compression load for various edge support conditions. Timoshenko presented solutions using the Navier method and using energy minimization techniques. He obtained characteristic buckling loads and characteristic buckling modal shapes that agreed with laboratory findings presented by Bridget et al [9] .
In this work, the single finite Fourier sine transform method is used to solve the elastic buckling problem of uniaxially compressed Kirchhoff plate with simply supported edges x = 0, and x = a and clamped edges y = 0, and y = b.
supported edges x = 0, x = a, and clamped edges y = 0 and y = b. The specific objectives include: (i) to apply the single finite Fourier sine integral transformation to the governing fourth order partial differential equation of Kirchhoff plates under uniaxial uniform compressive load. (ii) to show that the boundary value problem simplifies to an algebraic eigenvalue -eigenvector problem in terms of the Fourier sine transform variable. (iii) to solve the resulting algebraic eigenvalue -eigenvector problem, and hence determine the characteristic buckling equations for the elastic buckling problem of CCSS plate considered. (iv) to determine the characteristic buckling loads and the buckling modes.
THEORETICAL FRAMEWORK/GOVERNING PARTIAL DIFFERENTIAL EQUATIONS
The governing partial differential equations PDE for the elastic buckling of Kirchhoff plates is given by: 
where N xx is the uniform compressive force in the x direction N yy is the uniform compressive force in the y direction N xy is the twist, w is the deflection, x and y are the inplane Cartesian coordinates D is the flexural rigidity of the plate given by 
METHODOLOGY
Applying the finite Fourier sine transformation to Equation (2), we have: 
Due to the geometric restraints of fixed supports on the edges y = 0, and y = b, the buckling load N 0 is such that Application of the finite Fourier sine transformation to Equation (7) yields: 
The solution for W(k,y) is made of hyperbolic functions.
RESULTS
The solutions for W(k, y) that agree with the boundary conditions is then found. Application of the finite Fourier sine transformation to the boundary conditions Equations (3 -8) yield: 
In matrix form, 
Then, The boundary conditions Equations (35) and (36) yield:
In matrix form, we obtain the homogeneous equations: 
Expanding the determinant,
Further simplification yields the characteristic buckling equation as:
The buckling loads are obtained by solving the characteristic buckling equation for N 0.
The critical buckling stress ( xx ) cr is obtained as: 
DISCUSSION
In this work, the single finite Fourier sine transformation method was successfully used to solve the elastic buckling problem of rectangular Kirchhoff plate with two opposite edges (x = 0, and x = a) simply supported and the other two opposite edges (y = 0 and y = b) clamped. The elastic buckling solutions were obtained for the case when the edges x = 0 and x = a are subjected to uniform uniaxial compressive load N x = N 0 and N y = 0, N xy = 0. The elastic buckling problem solved was presented as a boundary value problem defined by the domain equation-Equation 2 -and the boundary conditionsEquations (3) -(12).
The finite sine transformation was applied to the domain partial differential equation with respect to the x -coordinate variable in Equation (13) ., = and presented in Table 2 .
CONCLUSIONS
The following conclusions can be made from the study: 
